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(54) Title: POLYNUCLEOTIDE SEQUENCES AND THEIR USE IN A METHOD OF PRODUCING PLANTS WITH AN INCREASED 
NUMBER OF STOMATA 

(57) Abstract 

A method of producing plants with an increased number of stomata relative to control plants comprises the steps of: (i) inhibiting in 
plant material the production of fatty acids which stimulate the synthesis of the 14-3-3 class of transcription factors, or otherwise preventing 
the fatty acids from stimulating the synthesis of the said factors, (ii> selecting the thus inhibited material; and (iii) regenerating the thus 
selected material into plants. The inhibition may be achieved by sense co-suppression or anti-sense inhibition of an endogenous gene 
comprising a sequence which is complementary to one which when incubated at a temperature of between 60 and 65 °C in 0.3 strength 
citrate buffered saline containing 0.1 % SDS followed by rinsing at the same temperature with 0.3 strength citrate buffered saline containing 
0.1 % SDS still hybridises with the sequence depicted in SEQ ID No.L Preferred sequences for use in this method are depicted as SEQ 
ID No. I and 2. 
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POF.YNUCLEOTIPr. SEQUENCES AND THEIR USF. IN A METH OD OF PRODUCING 
PI ANTS WITH AN INCREASED NUMBER OF STOMATA 



The present invention relates, inter alia, to genetically engineered plants. In 
particular the invention relates to polynucleotide sequences and their use in a method of 
producing plants which possess an increased number of stomata relative to non-transformed 
(prior art) like plants. Under appropriate conditions the plants of the invention may exhibit 
increased yields in comparison with the prior art plants. The invention also provides novel 

regulatory sequences. 

In the United Kingdom many commercial growers use natural gas, kerosene burners 
or liquid carbon dioxide to increase the level of carbon dioxide in their glasshouses. The 
benefits to glasshouse crops include increases in quality, yield and maximising growth in low 
external winter light. However, during longer term cultivation the full potential benefits in 
terms of yield are not achieved by this procedure. A number of physiological and 
biochemical factors including photosynthetic acclimatisation are believed to contribute to 
this phenomenon. One important factor however, which has received comparatively little 
attention is the effect of elevated carbon dioxide on stomatal guard cells. Not only does the 
stomatal pore reduce in diameter but carbon dioxide also influences guard cell development 
and specifically reduces the number of stomata which develop on leaves grown at elevated 
carbon dioxide concentrations. These factors will be expected to result in increases in 
diffusive resistance and reduced uptake of carbon dioxide. In the case of glasshouse grown 
lettuce, eggplant, sweet-pepper, cucumber and tomato this is indeed the case. In turn a 
reduction in the uptake of carbon dioxide would be expected to manifest itself as a reduction 
in yield. 

Another equally important problem for glasshouse growers is crop damage caused by 
the high levels of humidity which commonly occur as a consequence of the use of modern 
energy saving practices and or the maintenance of an elevated carbon dioxide environment. 
To illustrate the seriousness of the problem, it has been estimated that tomato crops grown at 
high humidity commonly have up to a 10-15% reduction in fruit yield and under sustained 
conditions of high humidity a reduction in yield of 35% has been recorded. In cucumbers 
and long season tomatoes cultivated at high humidity, transpiration is suppressed thereby 
reducing the uptake of nutrients (in particular calcium) causing leaf-scorch symptoms and 
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reduced effective and actual leaf areas. In the case of calcium deficiency the associated 
tissue necrosis makes the crop particularly susceptible to pathogen attack resulting in further 
decreases in crop potential. In tomatoes cultivation at high humidity results in lower fruit 
yield and quality. The higher than average humidity also provides an environment which is 
conducive to breeding for certain pests which can affect the quality of the crop. It would 
therefore be advantageous to control these pests as well as the deleterious effects resultant 
from the increased carbon dioxide levels. Of course, due to the concomitant increases in 
stomatal resistance associated with growth at elevated carbon dioxide, all of the above 
mentioned problems are likely to be exacerbated. 

The present invention alleviates the aforesaid problems by providing plants which 
specifically respond to elevated carbon dioxide concentrations by increasing the number of 
stomata on their leaf surfaces. In the absence of other limiting factors this would be 
expected to increase carbon dioxide uptake for photosynthesis and present a greater 
effective surface area for water loss resulting in increased transpiration and thereby 
counteracting calcium deficiency. Data from carbon isotope discrimination studies in wheat, 
barley, nee and Phaseolus vulgaris indicate that genotypes with lower stomatal resistance are 
higher yielding. 

This invention also relates to polynucleotide sequences and variants thereof which are 
capable of regulating gene expression, particularly in the stomatal guard cells. 

The expression of genes in plants is controlled by a number of regulatory 
components, including nucleic acid and protein elements. Where the plant gene exists as 
double stranded DNA, the primary steps of expression involve the production of a messenger 
RNA by a polymerase enzyme. The initiation of this part of the expression process is 
controlled by a region commonly referred to as the "promoter". The promoter lies upstream 
(5') of the protein encoding region and may be constitutive or tissue-specific, 
developmentally-regulated and/or inducible. 

Within the promoter region there are several domains which are necessary for full 
function of the promoter. The first of these domains lies immediately upstream of the 
structural gene and forms the "core promoter region" containing consensus sequences, 
normally 70 base pairs immediately upstream of the gene. The core promoter region contains 
the characteristic CAAT and TATA boxes plus surrounding sequences, and represents a 
transcription initiation sequence which defines the transcription start point for the structural 
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sene. The precise length of the core promoter region is indefinite but it is usually easily 
recognisable. Such a region is normally present, with some variation, in all promoters. The 
base sequences iving between the various well-characterised "boxes" appear to be of lesser 
importance. 

5 The presence of the core promoter region defines a sequence as being a promoter: if 

the region is absent, the promoter is non-functional. Furthermore, the core promoter region 
is insufficient to provide full promoter activity. A series of regulatory sequences, usually 
upstream of the core, constitute the remainder of the promoter. The regulatory sequences 
determine expression level, the spatial and temporal pattern of expression and, for an 

10 important subset of promoters, expression under inductive conditions (regulation by external 
factors such as light, temperature, chemicals, hormones). 

Manipulation of crop plants to alter and/or improve phenotypic characteristics (such 
as productivity quality or yield) may require the expression of heterologous genes in plant 
tissues. Such genetic manipulation therefore relies on the availability of means to drive and 

15 to control gene expression as required; for example, on the availability and use of suitable 
promoters which are effective in plants and which regulate gene expression so as to give the 
desired effect(s) in the transgenic plant. It is advantageous to have the choice of a variety of 
different promoters so that the most suitable promoter may be selected for a particular gene, 
construct, cell, tissue, plant or environment. 

20 Promoters (and other regulatory components) from bacteria, viruses, fungi and plants 

have been used to control gene expression in plant cells. Numerous plant transformation 
expenments using DNA constructs comprising various promoter sequences fused to various 
foreign genes (for example, bacterial marker genes) have led to the identification of useful 
promoter sequences. It has been demonstrated that sequences up to 500-1000 bases in most 

25 instances are sufficient to allow for the regulated expression of foreign genes. However, it 
has also been shown that sequences much longer than 1 kb may have useful features which 
permit high levels of gene expression in transgenic plants. A range of naturally-occumng 
promoters are known to be operative in plants and have been used to drive the expression of 
heterologous (both foreign and endogenous) genes in plants: for example, the constitutive 

30 35S cauliflower mosaic virus promoter, the ripening-enhanced tomato polygalacturonase 
promoter (Bird et al, 1988, Plant Molecular Biology, 1 1:651-662), the E8 promoter 
(Diekman & Fischer, 1988. EMBO, 7:3315-3320) and the fruit specific 2A1 1 promoter (Pear 
etal, 1989, Plant Molecular Biology, 13:639-65 1 ) and many others. 



WO 99/54471 



- 4 - 



PCT/GB99/01191 



According to the present invention there is provided a method of producing plants 
with an increased number of stomata relative to control like plants comprising the steps of: 
(i) inhibiting in plant material the production of fatty acids which stimulate the synthesis of 
the 14-3-3 class of transcription factors, or otherwise preventing the fatty acids from 
stimulating the synthesis of the said factors; (ii) selecting the thus inhibited material; and (Hi) 
regenerating the thus selected material into plants and selecting from the population of 
regenerants those plants having an increased number of stomata relative to control like 
plants. 

The invention further provides a method of producing plants with an increased 
number of stomata relative to control like plants comprising the steps of: (i) inhibiting the 
function, or otherwise disrupting the activity, of an endogenous gene comprising a 
polynucleotide sequence depicted as SEQ LD No 1 or SEQ ID No 2 or SEQ ID No 8. 
(ii) selecting the thus inhibited material; 

(m) regenerating the thus selected material into plants and selecting from the population 
of regenerants those plants having an increased number of stomata relative to control like 
plants. 

In performing the method of the present invention as described above, the 
endogenous gene may comprise a polynucleotide sequence wh.ch is complementary to one 
which when incubated at a temperature of between 60 and 65°C in 0.3 strength citrate 
buffered saline containing 0. 1 % SDS followed by nnsing at the same temperature with 0.3 
strength citrate buffered saline containing 0.1% SDS still hybridises with the sequence 
depicted in SEQ ID No. 1 or SEQ ID No 2 or SEQ ID No 8. 

Also provided is a method of producing plants with an increased number of stomata 
relative to control like plants comprising the steps of: (i) transforming plant material with a 
polynucleotide comprising the sequence depicted as SEQ ID No 1 or 2 or SEQ ID No 8. 
(ii) selecting the thus transformed material; 

( in) regenerating the thus selected material into plants and selecting from the population 
of regenerants those plants having an increased number of stomata relative to control like 

plants. 

The polynucleotide used in the above mentioned method may comprise one which is 
complementary to one which when incubated at a temperature of between 60 and 65°C in 0.3 
strength citrate buffered saline containing 0. 1 % SDS followed by rinsing at the same 
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temperature with 0.3 strength citrate buffered saline containing 0.1% SDS still hybridises 
with the sequence depicted in SEQ ID No 1 or SEQ ID No 2 or SEQ ID No S. It is 
particularly preferred that the polynucleotide used in the method is in antisense orientation. 



Plants with an increased number of stomata may be selected on the basis of a difference 
5 between non transformed control plants and the thus transformed plants when both are 
subjected post germination to at least one of the following: (i) elevated carbon dioxide 
concentration; (ii) elevated calcium; (in) extremes of temperature or pressure; (iv) reduced 
water availability; ( v) elevated environmental pollutant gases, such as ozone, oxides of 
nitrogen or sulphur, and (vi) elevated light conditions. Preferably the carbon dioxide 

10 concentration is greater than about 450 parts per million (ppm). More preferably the carbon 
dioxide concentration is greater than about 550 parts per million. More preferably the carbon 
dioxide concentration is greater than about 650 parts per million. 

The present invention also provides morphologically normal fertile whole plants and 
the seed and progeny thereof regenerated from the material described above and having an 

15 increased number of stomata relative to a control like plants. Plants transformed according to 
the methods of the present invention may include; soybean, cotton, tobacco, sugarbeet, oilseed 
rape, canola, flax, sunflower, potato, tomato, alfalfa, lettuce, maize, wheat sorghum, rye, 
bananas, barley, oat, turf grass, forage grass, sugar cane, pea, field bean, nee, pine, poplar, 
apple, grape, vines, cucumbers, peppers, citrus and nut plants. 

20 The present invention additionally provides the use of a polynucleotide comprising 

the sequence depicted as SEQ ED No 1 or SEQ ID No 2 or SEQ ID No 8 in a method of 
producing plants with an increased number of stomata relative to control like plants. Other 
polynucleotides which can be used in this method may comprise a sequence which is 
complementary to one which when incubated at a temperature of between 60 and 65°C in 0.3 

25 strength citrate buffered saline containing 0.1% SDS followed by rinsing at the same 

temperature with 0.3 strength citrate buffered saline containing 0.1% SDS still hybridises 
with the sequence depicted in SEQ ID No. 1 or SEQ ID No 2 or SEQ ID No 8. The 
polynucleotides for use in this method may be under expression control of a plant operable 
promoter and may further comprise a transcription termination region which is downstream 

30 of the protein encoding region of the said polynucleotide. In particular the following 

promoters may be used: CaMV35S; FMV35S; NOS; OCS and E9. More preferably the 
promoter may be a stomata! guard cell specific promoter. Even more preferably the promoter 
may be comprised bv the polynucleotide sequence depicted as SEQ ID No 2 or SEQ ID No 8. 
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Also provided is an isolated polynucleotide comprising the sequence depicted as SEQ 

ID No 2 or SEQ ID No 8.. 

The present invention still further provides an expression regulatory sequence 
comprise the sequence depicted as SEQ ID No 2 or SEQ ID No 8. Surprisingly, it has been 
s found that this sequence is capable of providing for expression of heterologous genes ,n the 
stomatal 2 uard cell. The regulatory sequences provided in the present invention can be used 
in combination with the polynucleotides and methods described above. The person skilled in 
the art will however, recognise that these regulatory sequences can be used in combination 
with any other polynucleotide in any method where transcription is particularly required in 

10 the stomatal guard cell. 

According to the present invention there is further provided a polynucleotide which 
comprises a sequence which is complementary to one which when incubated at a temperature 
of between 60 and 65X in 0.3 strength citrate buffered saline containing 0.1% SDS followed 
by rinsin* at the same temperature with 0.3 strength citrate buffered saline containing 0.1% 
I5 SDS still hvbndises with the sequence depicted in SEQ ID No. 1, but does not so hybridise 
when the said temperature is between 65 and 70°C. The polynucleotide may be used to 
produce plants which increase their stomatal index (as desenbed below) rather than decrease 
h when subjected to conditions of elevated carbon diox.de concentration. 

The polynucleotide may compose the sequence depicted in SEQ ID No. 2 or SEQ ID 
,0 No 8. The protein encoding region comprised by the polynucleotide may be bounded by a 
plant operable promoter and terminator. Such promoters and terminators, which are per se 
not germane to the invention, are well known to the skilled man and include, for example, 
the CaMV35S, FMV35S, NOS, OCS and E9 (derived from the small subunit of RUBISCO) 
promoters and terminators. It is particularly preferred, however, that the protein encoding 
, 5 region of the polynucleotide according to the invention is under expression control of a 

stomatal guard cell specific promoter. The skilled man understands that the term "specific- 
does not necessarily mean "solely restricted to" so that expression of the said sequence 
cannot be found anywhere else within the plant regenerated from material transformed so as 

to compnse such a region. 
30 The invention also includes a plant transformation vector comprising the present 

inventive polynucleotide. 

Within the vector the prote.n encoding region (or a substantial part of it) may be in an 
anti-sense orientation when compared with that depicted in SEQ ID Nos. 1, 2 and 8. so that 
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the RN A product of the region is capable of causing - in plant material comprising it - 
suppression of endogenous genes with which the protein encoding region exhibits substantial 
identity. By "'substantial" is meant at least 70% identical when related to sequence. 
The invention further provides the translational product encoded by the 
5 polynucleotide of the invention, particularly in the case that it has the activity of a fatty acid 
elongase. 

The invention still further provides plant material which has been transformed with 
the polynucleotide or vector of the invention, or a polynucleotide comprising a sequence 
which is complementary to one which when incubated at a temperature of between 60 and 

10 65°C in 0.3 strength citrate buffered saline containing 0. 1 % SDS followed by rinsing at the 
same temperature with 0.3 strength citrate buffered saline containing 0.1% SDS still 
hybridises with the sequence depicted in SEQ ID No. L 

The plant material may have been, or may subsequently be further transformed with a 
polynucleotide comprising a region encoding a protein capable of providing the plant with 

15 resistance or tolerance to herbicides, insects, desiccation and/or fungal, bacterial or viral 
infections. 

The protein capable of providing for herbicide resistance may be selected from the 
group consisting of glyphosate oxido-reductase (GOX), 5^nol-pyruvyl-3-phosphoshikimate 
synthetase (EPSPS), phosphinothricin acetyl transferase (PAT), hydroxyphenyl pyruvate 

20 dioxygenase (HPPD), glutathione S transferase (GST), cytochrome P450, Acetyl-COA 
carboxylase (ACCase), Acetolactate synthase (ALS), protoporphyrinogen oxidase 
(PROTOX), dihydropteroate synthase, polyamine transport proteins, superoxide dismutase 
(SOD), bromoxynil nitrilase, phytoene desaturase (PDS), the product of the rfdA gene 
obtainable from Alcaligenes eutrophus, and known mutagenised or otherwise modified 

25 variants of the said proteins. 

The polynucleotide with which the plant material may be transformed may comprise 
5' of the protein encoding regions which encode: (i) a peptide which is capable of targeting 
the translation products of the regions to plastids such as chloroplasts, mitochondria, other 
organelles or plant cell walls; and/or (ii) non-translated translational enhancing sequences. 

30 The polynucleotide may be codon-optimised, or otherwise altered to enhance at least 

transcription once it is incorporated into plant material. Thus the polynucleotide used to 
transform the material may be modified in that mRNA instability' encoding motifs and/or 
fortuitous splice regions may be removed, or plant preferred codons may be used so that 
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expression of the thus modified polynucleotide in a plant yields substantially similar protein 
having a substantially similar activity/function to that obtained by expression of the 
unmodified polynucleotide in the organism in which the protein encoding regions of the 
unmodified polynucleotide are endogenous, with the proviso that if - in respect ot the 
5 herbicide resistance conferring regions - the thus modified polynucleotide comprises plant 
preferred codons, the degree of identity between the protein encoding regions within the 
modified polynucleotide and like protein encoding regions endogenously contained within 
the said plant and encoding substantially the same protein is less than about 70%. 

Transformation techniques are well known and include particle mediated biolistic 
10 transformation. Agrohacterium-mediatcd transformation, protoplast transformation 

(optionally in the presence of polyethylene glycols); sonication of plant tissues, cells or 
protoplasts in a medium comprising the polynucleotide or vector; micro-insertion of the 
polynucleotide or vector into totipotent plant material (optionally employing the known 
silicon carbide "whiskers" technique), electroporation and the like. 
15 The invention still further provides a morphologically normal fertile whole plant 

regenerated from the material mentioned in the paragraph immediately preceding the last and 
the progeny of such plants, the seed of such plants and progeny, and parts of such plants and 
progeny The transformed inventive plants include small grain cereals, oil seed crops, fibre 
plants, fruit, vegetables, plantation crops and trees. Particularly preferred such plants include 
20 soybean, cotton, tobacco, sugarbeet, oilseed rape, canola, flax, sunflower, potato, tomato, 

alfalfa, lettuce, maize, wheat, sorghum, rye, bananas, barley, oat. turf grass, forage grass, sugar 
cane, pea, field bean, nee, pine, poplar, apple, grape, cucumbers, peppers, citrus and nut plants. 
Particularly preferred parts include cut flowers. 

The invention still further provides a method of producing plants with an increased 
25 number of stomata relative to control plants comprising the steps of: 

( i) inhibiting in plant material the production of fatty acids which stimulate the 
synthesis of the 14-3-3 class of transcription factors, or otherwise preventing the fatty acids 
from stimulating the synthesis of the said factors; 

(ii ) selecting the thus inhibited material; and 

30 (iii) regenerating the thus selected material into plants. 

In a preferred embodiment of the method the production of the fatty acids, which 
stimulate or otherwise enhance the synthesis of the transcription factors, is inhibited by either 
sense cosuppression of an endogenous plant gene encoding a protein involved in the 
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biosynthetie pathway of the fatty acids, or else by anti-sense inhibition of the expression of 
the same gene. Anti-sense inhibition techniques are well know, developed and used 
routinely by persons skilled in the art. Usually, the inhibition technique is effected in the 
plant through the production of an antisense mRNA which is complementary to and capable 
5 of hybridising with the sense mRNA produced by the endogenous gene- 



plant gene comprising a sequence which is complementary to one which when incubated at a 
temperature of between 60 and 65°C in 0.3 strength citrate buffered saline containing 0. 1% 
if) SDS followed by rinsing at the same temperature with 0.3 strength citrate buffered saline 
containing 0.1% SDS still hybridises with the sequence depicted in SEQ ID No. 1; 



15 plants. It is preferred that they contain at least 15% more stomata, more preferred that they 
contain at least 20% more stomata, still more preferred that they contain at least 25% more 
stomata, and yet still more preferred that they contain at least 30% more stomata. 

The person skilled in the art will appreciate that there are numerous ways of 
inhibiting or otherwise disrupting the function of a gene. Whilst sense co-suppression and 

20 anti-sense inhibition are particularly preferred techniques, it is also possible to use the so 

called chimeroplasty technique of in situ mutagenesis of an endogenous gene. The technique 
per se is not germane to the present invention but, briefly, it involves the introduction into 
plant material of mixed ribo-deoxyribonucleic acids which comprise a region (typically less 
that 100 nucleotides in length) which is complementary to a target sequence in the 

25 endogenous gene, with the proviso that within the region of complementarity there is a 

"mismatch" which becomes represented in the endogenous gene via the action of DNA repair 
and replication enzymes. The mismatch typically occurs within a region of the gene 
encoding the active site of an enzyme, the activity of which is consequentially abolished or at 
least severely curtailed. In summary then, once the endogenous gene to be silenced has been 

30 identified, any gene suppression technique can be applied. Additionally the person skilled in 
the art is also free to use techniques available within the art to enhance the efficacy of 
suppression of the desired gene. On such method involves the use of an inverted repeat 



The method of the present invention may comprise the steps of: 

( 1 \ inhibiting the function, or otherwise disrupting the activity, of an endogenous 



selecting the thus inhibited material; 
(iii) regenerating the thus selected material into planLs. 

The inventive plants typically contain at least 10% more stomata than do prior art like 
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sequence and is described in the International Application, PCT publication number 
WO98/53083 which is incorporated herein by reference. 

In performing the method of the invention the skilled man may, however, prefer to 
transform plant material with a polynucleotide comprising a sequence which is 
5 complementary to one which when incubated at a temperature of between 60 and 65°C in 0.3 
strength citrate buffered saline containing 0.1% SDS followed by rinsing at the same 
temperature with 0.3 strength citrate buffered saline containing 0.1% SDS still hybridises 
with the sequence depicted in SEQ ID No. 1. Alternatively, the plant material may be 
transformed with a polynucleotide which comprises a sequence which is complementary to 
10 one which when incubated at a temperature of between 60 and 65°C in 0.3 strength citrate 
buffered saline containing 0.1% SDS followed by rinsing at the same temperature with 03 
strength citrate buffered saline containing 0.1% SDS still hybridises with the sequence 
depicted in SEQ ID No. 1, but does not so hybridise when the said temperature is between 
65 and 70°C. A particularly preferred polynucleotide for use in this method comprises the 
15 sequence depicted in SEQ ID No. 2 or in SEQ ID No 8. 

The plants with an increased number of stomata may be selected on the basis of a 
difference between non transformed control plants and the thus transformed plants when both 
are subjected post germination to at least one of the following: (i) elevated carbon dioxide 
concentrations, (ii) elevated calcium; (iii) extremes of temperature or pressure; (iv) reduced 
20 water availability; (v) elevated environmental pollutant gases, such as ozone, oxides of 

nitrogen or sulphur, for example; (vi) elevated light conditions. The said difference may be 
selected from the group consisting of: (i) delayed flowering; (ii) altered growth 
characteristics; and (iii) an elevated stomatal index. Alternatively, the plants may be selected 
on the basis of resistance to an antibiotic, which resistance is produced by an antibiotic 
25 resistance conferring gene which has been co-introduced into the plant material together with 
genes capable of increasing the number of stomata. The person skilled in the an is aware of 
the term ' stomatal" index, which in essence is the number of stomata in a particular area of a 
leave (for example) when expressed as a percentage of the total number of cells contained 
within that area. Stomatal index may be defined as follows: 

30 

SI= stomatal frequency/ epidermal cell frequency + stomatal frequency X 100. 



WO 99/54471 




PCT/GB99/01191 



The invention also includes plants - and their progeny - which eventually result from 
the crossing of plants of the invention with control non transformed sexually compatible 
plants. The plants or progeny may be homozygous for the transgene. 

The invention still further includes plants which result from the method disclosed 
5 above, the progeny of such plants, the seed of such plants and progeny, and parts of such 
plants and progeny. Particularly preferred pans are fruits, flowers and seeds. 

The invention still further includes the use of the polynucleotide or vector of the 
invention in a method for the production of plants which have an increased number of 
stomata relative to non transformed control plants. 
10 The invention will be further apparent from the following description, taken together 

with the associated Figures and Sequence Listings. 

SEQ ID No. 1 shows the sequence of a fatty acid elonga.se gene designated FAE-l 
which is expressed in seeds. SEQ ID No. 1 can be found on page 316 of The Plant Cell, Vol 
7, 1995. 

15 SEQ ID No. 2 shows the sequence of a gene which may be related to - but which is 

not obviously derivable from - the sequence depicted in SEQ ID No, 1. 

SEQ ID Nos. 3 and 4 depict PCR primers which were used in the provision of the 
vectors pFL30 and pFL44. 

SEQ ID Nos 5, 6 depict GUS gene primers. 
20 SEQ ID No 7 depicts a pnmer for use with pfu polymerase. 

SEQ ID No 8 shows the sequence of a gene which may be related to - but which is 
not obviously derivable from - the sequence depicted in SEQ ID No. 2. 

Figure 1 depicts schematically the proof reading PCR DNA clone of Arabidopsis C24, line 
25 590, which is cloned into the pGEMT vector (Promega). 
Figure 2 depicts the vector pMOG553. 

Figure 3 depicts schematicall the relationship between the clones pFL44 and pFL30. 
Figure 4 depicts the pFL13 scematic drawing. 
Figure 5 depicts the cloning scheme of pMOG1017. 
30 Figure 6 depicts Arabidopsis leaves transformed with the construct pMOG1017 following 
histochemical staining for GUS activity in the guard cells. In this figure, the "black spots" 
represent the staining which is naturally blue in colour. 
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Figure 7 is a magnification of the leaf shown in figure 6 more clearly showing that the 
stianing is present in the stomata, more specifically in the guard cells. 

Examples 

This Example illustrates the provision of a gene involved in the control of stomatal 
number. The gene was initially isolated through a promoter trap screen in Arahidopsis 
ecotype C24. The trapping construct, pMOG553, consisted of the transcribed sequence of the 
B Glucuronidase enzyme synthesis gene (GUS) linked to the Hygromycin B 
phosphotransferase gene (hyg) both from E-coli. Expression of this construct through an 
endogenous 'trapped' promoter allowed localisation of gene expression through staining for 
GUS activity and an antibiotic selection marker for isolation of mutants. On the basis of the 
GUS reporter gene a primary mutant (Ml) plant (it and the progeny thereof hereinafter being 
designated Tag 590) exhibiting guard cell specific expression was identified, indicating that a 
guard cell specific gene had been disrupted. 



20 



Provision of Tae 590 plants 

Goddijn et al. (The Plant J. 4 (5), 863-873, 1993) describes the production of the 
tagging construct pMOG553 (promoterless GUS on T-DNA). pMOG553 is depicted 
schematically in Figure 2. This reference also describes the transformation of Arahidopsis 
thaUana with this construct and provides an account of the histochemical assay used for GUS 
analysis. Concerning the GUS analysis, whole leaves (including cotyledons) or leaf sections 
were assayed for GUS activity by submerging them in assay medium (0.1M phosphate buffer 
pH7, lOmM EDTA, 0.5mM potassium ferncyanide, 0.5mM potassium ferrocyanide, 2.0mM 
25 X-Gluc (Gold Biotechnology), 0.1% Triton X-100) (Stomp, 1992). Large tissue samples 
were assayed in microfuge tubes while small seedlings or cotyledons were placed in 
microtitre plate wells. Following 15 minutes continuous vacuum infiltration, samples were 
incubated for 22 hours at 37 U C. Tissue clearing, to remove chlorophyll and oxidised phenolic 
compounds, was achieved by mounting the slides or submerging the samples in 
30 chloralactophenol (CLP)(2: 1 : 1 mix of chloral hydrate, lactic acid and phenol crystals 
(Sigma), Beckman and Engler, 1994). Results were recorded photographically on 
Fujichrome Sensia 200 slide film. 



Temporal and spatial expression of the GUS gene 
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GUS expression events in the Tag 590 line were predominantly localised to stomatal 
suard ceils tor hydatodes ) suggesting that a guard cell specific gene had been disrupted. 
This tagged line provides an opportunity to isolate a specific promoter that would enables 
transgenes to be expressed exclusively in guard cells. Inter alia, it is thus possible to exploit 

5 the guard cell as an in vivo model for the analysis of the role of putative signal transduction 
aene products in plants and enables the manipulation of stomatal cell gene expression to 
engineer stomatal cell behaviour. 

A total of 12 Tag 590 S2 lines were identified on the basis of selection on 
hygromycin (lines 5/1 - 5/12). Line 5 was then used to confirm the GUS expression results 

10 mentioned above. On the basis of the intensity of histochemical staining, expression was 
maximal in the first two true leaves of two week old plants. GUS expression was localised 
to the stomatal guard cells. In older leaves GUS staining was much less intense and required 
incubation overnight in the substrate for detection. This result may indicate that expression 
is maximal in the guard cells of young developing plants and that the gene is weakly 

15 expressed in mature plants. Alternatively, it may reflect the fact that in mature plants the 
GUS protein is less stable or that the guard cells are less accessible to the substrate. In the 
older leaves staining was also observed in the hydrathodes and vascular tissue. Subsequent 
experiments on all 12 lines showed lines 3, 9 and 1 1 to had the highest levels of GUS 
expression. 

20 

Isolation of the disrupted 2ene in Tag 590 plants . 

Genomic DNA (gDNA) was isolated from Tag 590 plant material (rosette leaves). 
The copy No. of the T-DNA insert was determined by restriction enzyme analysis of the said 
25 genomic DNA using EcoR V, Msc I with the 5' part of the GUS gene being used as a probe. 
This restriction regime yielded a single band on suitable electrophoresis. An inverse PCR 
was performed on the gDNA of Tag590 using the following GUS gene primers (according to 
the method described by Barthels, see p. 2131, Fig. 7 of that document). 

30 primer 7: 5M3TA.ATG.CTC.TAC.ACC.ACG.CCG-3' (SEQ ID No. 5). 
pnmerf: S-CTTTCC.CAC.CAA.CGC.TGA.TCo' (SEQ ID No. 6). 

For the EcoR V fragment a band of about 1.8 kb was obtained from which the tag had a size 
of 1.6 kb. An identical result was obtained for the Msc I fragment. Cloning of this fragment 
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in the pGEM T vector from PROMEGA resulted in a plasmid designated pFL13, see Figure 
4. This clone was partially sequenced and a Pstl fragment of 1.4 kb was isolated and used as 
a probe (see Fig. 4) to screen a genomic DNA library of wild type C24 Arabidopsis 
constructed by the method described in Barthels etal. 1997 Plant Cell, Vol 9, pp 21 19-2134. 

5 After 3 rounds of colony purification, five clones were isolated, two of which were identical 
and three of which were identical. A 5.5 Kb fragment was cloned into the Bglll site of 
pUC28, (which is a pUC18 vector modified to contain extra Bglll restriction enzyme 
recognition sites), to yield a plasmid designated as pFL30. 

The following primers were used to in the production of a PCR fragment which was 

10 generated on genomic DNA from original TAG590 using pfu polymerase (Proofreading 

capacity). This fragment was then cloned into the pGEMT making the construct labelled as 
pFL44. 

GUS 9: 5 1 -CAG.AAA.CTT.ACG.TAC.ACT.TTT.C-3' (SEQ ID 7) 
590-5' : 5 - CAT.CTT.CTT.CTA.TGC.CTA.CTC -3' (SEQ ID 3) 

15 

Whilst pFL44 does not contain any recognizable promoter sequences, it has been shown that 
it gives specific expression when transformed to plants indicating that it comprises some 
tissue specific regulatory elements. 

The PCR fragment (pFL44) has been completely sequenced on both strands. It 

20 appears that the GUS tag has inserted within a gene with extensive similarity but clearly non- 
identity to an Arabidopsis gene that has been previously identified by transposon tagging 
experiments and is designated as FAE I. The sequence depicted in SEQ ID No. 2 contains at 
least two exons and does have putative translation initiation and termination points but 
appears to encode a peptide significantly shorter than FAE I (1 10 and 12 amino acids missing 

25 at the N- and C- terminal ends respectively). Therefore it is possible that there are additional 
coding regions that are not within this cloned fragment. The GUS tag has inserted 3' to the 
second exon (180bp 3' to the putative translation stop codon) this is probably close to the 
end of the transcribed sequence or alternatively maybe within an intron. It is unlikely that 
another gene could be within this distance from the Fae-like coding sequences. 

30 The corresponding region of the genomic clone (pFL30) has been sequenced using 

the same Internal primers. This longer clone is sequenced with a view (i) to identifying 
further exons, if they exist; and (ii) to characterise the potential gene promoter regions which 
may lie upstream of the identified coding sequence. FAE I is thought to encode a fatty acid 
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elonease necessary for the production of very long chain fatty acids. A transposon tagged 
FAE I mutant fails to accumulate fatty acids longer than C 18 {i.e. 20:0, 20: 1 and 22: h in its 
seed. FAE I is thought to encode a seed specific ketoacyl synthase which catalyses the 
condensation reaction with malonyl CoA. A region of protein having approximately 50 

5 amino acid in FAE I has been identified which shares some sequence similarity to regions 
within other plant malonyl CoA condensing enzymes (e.g. CHS and STS). At the DNA level 
there is some similarity to 4 Arabidopsis ESTS, T6700, T44939, T44368 and ATTS1282. 
These homologies lie entirely within the proposed coding regions of the SEQ ID No. 2 
sequence. This implies that, including FAE I, there are at least four other sequences with 

10 similarity to the Tag 590 coding region in the Arabidopsis genome. It is possible that these 
six genes have different expression patterns with FAE I being seed specific and Tag 590 
guard cell specific. These results thus suggest that the Tag 590 gene encodes a putative fatty 
acid elongase which is expressed specifically in developing guard cells. This enzyme plays 
a role in determining stomatal density in response to altered carbon dioxide concentration 

15 (described below). 

Use of the FAE sequence as a stomatal guard cell promoter 

This experiment was designed to illustrate that the FAE sequence can act as a 
stomatal guard cell specific promoter. The plasmid pFL44 was digested with SnaBI(Located 

20 in 5' end of GUS gene) providing a 1.8 kb fragment. This fragment was cloned in the 

SnaBI/Smal site of pFL7 (which is a multicopy construct harbouring a promoterless GUS 
gene and 35S terminator) replacing 5'end of GUS producing a construct labelled the "new 
multicopy construct". From this "new multicopy construct" a EcoRI/BamHI fragment 
harbouring the following elements was cloned in pMOG800; a Tag590 "promoter"; GUS 

25 gene and 35S terminator. The final construct pMOG1017 was used for the Arabidopsis C24 
transformation following which 40 transgenic lines were generated and their leaves were 
histochemically tested for GUS expression. 14 Lines show clearly specific expression of the 
GUS gene in the stomata only see photo's 1 or 2. The remaining 26 lines did not show clear 
expression and were thought to be low or non expressors. 



Plants and growth conditions 

Twelve guard cell specific GUS expressing M2 lines of the single Ml plant were 
produced by selling. The M2 lines have been used for all characterisation analysis. Prior to 
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sowing, seed was surface sterilised on filter paper ( 1 wash 10% v/v bleach (5 mins) followed 
by washes (5x1 ml) with sterile distilled water). The seed was germinated on half strength 
Murashige and Skoog basal media with the addition of 1% w/v sucrose and 0.6% w/v tissue 
culture grade agar, pH 5.8 (KOH). Standard 10cm culture plates were prepared either without 
5 the addition of antibiotics for wild type seed or with 10mg/l Hygromycin B (Calbiochem) for 
selection of mutant seedlings. Sown plates were subjected to a 48 hour vernalisation (0-4 u C) 
before transfer to growth conditions maintained throughout the lifecycle (2TC day, 17 1> C 
night; 10/14 hour day/night regime; R/H >60%; 400w Osram metal halide 250-300 umol m 
"sec" 1 ). Following selection plants were transferred to soil (3:1 mix SHL all purpose compost 
10 (William Sinclair Horticulture Ltd) : fine 'silver' sand). 

Morphological Characterisation 

Controlled environment chambers were used to grow plants under ambient (350- 
450ppm) and elevated (ambient +650ppm) carbon dioxide. Under these conditions flower 

15 and leaf appearance, plant development and flowering time were all recorded. Wild type C24 
were used as untransformed controls and 35S constitutive GUS expressors were used as GUS 
positive controls. Plants were transferred to the chambers at 16 or 35 days after exposure to 
lighting (dal). In the case of the 16 day age group, plants were grown on to 35 days whilst the 
older plants were grown to seed set before termination of the experiments. Initiation of 

20 flowering was recorded for individual plants up to 67 days. On harvest all plants were 

photographed. Xantopren dental impression material (Dental Links Products) was used to 
take impressions of the abaxial epidermis (Weyers and Johansen 1985) from 2 to 3 leaves per 
plant, choice of leaf being based on comparative size rather than leaf number. Optically clear 
acetone based varnish was used to make positives from the Xantopren impressions. Stomatal 

25 and epidermal cell counts per unit area (9.2 2 mm : ). were taken from three different parts of 
each positive under light microscopy at x200 magnification. These data were used to 
calculate average stomatal index (SI) values (SI= stomatal frequency/ epidermal cell 
frequency + stomatal frequency X 100) for each line under ambient and elevated CO r The 
results indicated that there was no difference in either stomatal frequency or stomatal index 

30 between C24 and Tag 590 plants under ambient CO : conditions. In marked contrast to the 
reduction in stomatal index seen in C24 plants under elevated carbon dioxide Tag 590 plants 
exhibit an increase in stomatal index. This result was seen in both 35 and 67 dal plants. 
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A histochemicai assay for GUS expression was carried out to verify the presence or 
absence of the mutation TAG 590 in all lines. C24 and 35S/GUS (constitutive Gus 
expression) plants were included as controls. 

5 The phenotype of the Tag 590 line 

On the basis of the GUS expression data a guard cell specific gene has been 
disrupted. Guard cells are known to exhibit two distinct responses to elevated carbon dioxide 
(CO:). One of these, the reduction in stomatal aperture is well known to commercial growers 
of glasshouse crops where it prevents the full benefits of growth at elevated C0 2 being 
10 transferred into yield. The other is a developmental response and is manifested in certain 
species by a reduction in the number of stomata in plants grown under elevated CO : . The 
results described below come from experiments in which the phenotype of the Tag 590 
plants and C24 controls were compared under elevated and ambient C0 2 . 

15 Experiment 1 

Three lines were used in this experiment: (i) a C24 control (see above) (4 
plants/treatment); (ii) line 5/10 (7 plants/treatment; this is a line with very low expression 
of the GUS gene); and (iii) line 5/5 (2 plants /treatment of this GUS expressing line). The 
plants were 4 weeks old when they were transferred to glasshouses and maintained for 17 
20 days at either ambient or 250 ppm C0 2 above ambient. At the end of the experiment 
stomatal numbers were assessed. 

Results of Experiment 1 

The most striking result was an alteration in flowering time in the Tag 590 5/5 line. 
25 Compared to either the C24 or the 5/10 line controls the initiation of flowering was 

noticeably delayed in the 5/5 line. When stomatal numbers were counted (Table 1 ) it was 
found that there was no difference between ambient and elevated C0 2 conditions for the 
C24 or 5/10 plants. However, in marked contrast the number of stomata in the strongly GUS 
expressing line (5/5) had increased. 



Table 1. Effect of growth at ambient and elevated C02 on stomatal number 



stomatal index 




ambient 


elevated 


C24 


28.8 


27.2 


590 5/10 


29.2 


29.2 
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590 5/5 



27.6 



■ 1.6 



Experiment 2 

The objective of this experiment was to use more carefully controlled growth 
conditions to investigate the TAG 590 phenotype more accurately. In this experiment twin, 

5 matched, environmentally controlled growth cabinets in which the CO: concentration was 
computer controlled and logged throughout the experiment were used. In the first cabinet an 
ambient level of CO? was maintained for the duration of the experiment. In the second 
cabinet the CO2 level was kept at 650 ppm above ambient. This was a higher concentration 
that used in Experiment 1 but was chosen as it more accurately reflects the CO: regimes 

10 employed by commercial growers. 

Results of Experiment 2 

The seeds were germinated in a growth room, potted on and at 45 days old were 
transferred to growth cabinets. They were then grown for a further 22 days and at the end of 

15 the experiment flowering was recorded as was stomatal number. It is important to note that 
stomatal number was only recorded in leaves which had grown during the experimental 
treatment. The delayed flowering of the tagged plants in elevated CO2 was seen again in this 
experiment. All the tagged lines flowered later than the controls in both elevated and 
ambient treatments (delayed by approximately 7 days). The results of the stomatal number 

20 determination are summarised in Table 2 where it is apparent that stomatal number was 

reduced in control plants grown in elevated CO2 but that in both tagged lines it was increased 
thus confirming the results of the previous experiment which indicated that stomatal numbers 
increased in response to elevated CCK 



Table 2. Effect of growth at elevated and ambient CO> on stomatal number 



stomatal density 




ambient 


elevated 


C24 


13.1 (6 plants) 


1 1.3 ( 6 plants) 


512 


14.4 (6 plants) 


17.1 (3 plants) 


Sill 


13.9 (6 plants) 


17.2 (5 plants) 
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These results imply that the tagged mutant lines are unable to respond normally to 
altered CO2 concentrations. Instead of exhibiting a decrease in stomatal density under high 
C0 2 concentrations they respond by increasing stomatal density. Thus, it appears that a gene 
involved in stomatal patterning in response to CO : has been disrupted. The sequence of the 
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putativeiv disrupted gene has been identified and is given in SFQ ID No. 2. The promoter 
region of this gene is ot great interest since it is supposed that it contains: U) elements which 
direct guard cell specific gene expression; and (n) CO: responsive elements. The mutant 590 
phenotype and the mutated gene have been characterised. Our results lead us to believe that 
the gene and or its product are: ( i ) involved in the control of stomatal density; (ii) are 
responsive to CO: * and (iii) that the gene product is or is related to a fatty acid elongase 
(FAF) which is involved in the synthesis of long chain fatty acids. Together these results 
suggest that a long chain fatty acid or us metabolite plays an important role in the control of 
stomatal patterning and that the non-coding regions of this gene include guard cell-specific 
and COrinducible promoters. In addition to being of interest to commercial plant 
biotechnologists wishing to engineer stomatal behaviour, the gene and its promoter may be 
valuable in the context of glasshouse crops. In this situation, in an attempt to maximise 
carbon acquisition (and hence yield), commercial growers frequently cultivate their plants at 
high CO: concentrations. However, it is recognised that the potential benefits are reduced by 
the elevated CO: induced reduction in stomatal conductance. An increase in stomatal cell 
number compensates - at least to some extent - for this effect. 

The delay in flowering observed in the tagged mutant lines may result from a secondary 
effect of the gene disruption. That is, the altered stomatal density in these plants causes 
changes in the rate of carbon assimilation which in turn affects the initiation of the floral 



20 meristem 



The person skilled in the art will recognise that the invention is not limited to that 
described above, many variations being included with its scope, the matter for which 
protection is sought being defined by the claims. For example, although the Example 

25 discloses that the stomatal cell specific promoter which drives expression of the sequence 

depicted in SEQ ID No. 2 is derived from Arabidopsis, blotting experiments have shown that 
the promoter sequence is present in plants other than just Arabidopsis. Such plants include, 
for example, potato, tomato, and carrot. Moreover, although not specifically exemplified, 
transformation of the sequences depicted in SEQ ID Nos. 1 and7or 2 into plant material so as 

30 to disrupt the activity of endogenous genes having like sequences can be expected to provide 
plants which when regenerated from such transformed material, will have an increased 
number of stomata when subjected to elevated carbon dioxide concentrations when compared 
with like non transformed control plants. In addition to this there is no reason to doubt that 
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the sequence represented as SEQ ID No 8 will act in the same way as SEQ ID No 2 with 
respect to the stomatal specific promoter activity. 
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CLAIMS 

1 . A method of producing plants with an increased number of stomata relative to control 
like plants comprising the steps of: 
5 (i) inhibiting in plant material the production of fatty acids which stimulate the 

synthesis of the 14-3-3 class of transcnption factors, or otherwise preventing the fatty 
acids from stimulating the synthesis of the said factors; 
( u ) selecting the thus inhibited material; and 

(iii) regenerating the thus selected material into plants and selecting from the 



10 population of regenerants those plants having an increased number of stomata relative 

to control like plants. 

2. A method of producing plants with an increased number of stomata relative to control 
like plants comprising the steps of: 
15 (i ) inhibiting the function, or otherwise disrupting the activity, of an endogenous 



gene comprising a polynucleotide sequence depicted as SEQ ID No 1 or SEQ ID No 
in) selecting the thus inhibited material; 

(iii) regenerating the thus selected material into plants and selecting from the 
20 population of regenerants those plants having an increased number of stomata relative 

to control like plants. 

3. A method according to claim 2 wherein the said endogenous gene comprises a 

polynucleotide sequence which is complementary to one which when incubated at a 
25 temperature of between 60 and 65°C in 0.3 strength citrate buffered saline containing 

0. 1% SDS followed by rinsing at the same temperature with 0.3 strength citrate 
buffered saline containing 0. 1% SDS still hybridises with the sequence depicted in 
SEQ ID No. 1 or SEQ ED No 2. 
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4. A method of producing plants with an increased number of stomata relative to control 
like plants comprising the steps of: 

( i ; transforming plant material with a polynucleotide comprising the sequence 
depicted as SEQ ID No 1 or 2. 
5 (id selecting the thus transformed material; 

dii) regenerating the thus selected material into plants and selecting from the 
population of regenerants those plants having an increased number of stomata relative 
to control like plants. 



10 5. A method according to claim 4 wherein the said polynucleotide comprises one which 
is complementary to one which when incubated at a temperature of between 60 and 
65°C in 0.3 strength citrate buffered saline containing 0.1% SDS followed by rinsing 
at the same temperature with 0.3 strength citrate buffered saline containing 0. 1% SDS 
still hybridises with the sequence depicted in SEQ ID No. 1 or SEQ ID No 2. 

15 

6. A method according to claim 4 or claim 5 wherein the said polynucleotide is in 
antisense orientation. 



7. A method according to any one of claims 1 to 6 wherein the plants with an increased 
20 number of stomata are selected on the basis of a difference between non transformed 

control plants and the thus transformed plants when both are subjected post 
germination to at least one of the following: (i) elevated carbon dioxide 
concentration; (li) elevated calcium; (iii) extremes of temperature or pressure; ( iv) 
reduced water availability; (v) elevated environmental pollutant gases, such as ozone, 
25 oxides of nitrogen or sulphur, and (vi) elevated light conditions. 



8. A method according to claim 7 wherein the said carbon dioxide concentration is 
greater than about 450 parts per million. 
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9. A method according to claim 8 wherein the said carbon dioxide concentration is 
greater than about 650 parts per million. 

10. Morphologically normal fertile whole plants, and the seed and progeny thereof 
regenerated from the material of any one of claims 1 to 9 which plants and progeny 
have an increased number of stomata relative to a control like plants and progeny. 



11. A morphologically normal fertile whole plant according to claim 10 selected from the 
sroup consisting of soybean, cotton, tobacco, sugarbeet, oilseed rape, canola, flax, 

10 sunflower, potato, tomato, alfalfa, lettuce, maize, wheat, sorghum, rye, bananas, barley, 

oat, turf grass, forage grass, sugar cane, pea, field bean, nee, pine, poplar, apple, grape, 
vines, cucumbers, peppers, citrus and nut plants. 

12. Use of a polynucleotide comprising the sequence depicted as SEQ ID No 1 or SEQ 
15 ID No 2 in a method of producing plants with an increased number of stomata 

relative to control like plants. 

13. Use according to claim 12 wherein the said polynucleotide comprises a sequence 
which is complementary to one which when incubated at a temperature of between 60 

20 and 65°C in 0.3 strength citrate buffered saline containing 0. 1% SDS followed by 

nnsing at the same temperature with 0.3 strength citrate buffered saline containing 
0. 1% SDS still hybridises with the sequence depicted in SEQ ID No. 1 or SEQ ED No 



14. Use according to claim 12 or claim 13 wherein the said polynucleotide is under 

expression control of a plant operable promoter and further comprises a transcription 
termination region which is downstream of the protein encoding region of the said 
polynucleotide. 



30 15. Use according to any one of claims 12 to 14 wherein the said promoter is selected 
from the group consisting of CaMV35S; FMV35S; NOS; OCS and E9. 



16. Use according to claim 14 wherein the promoter is stomatal guard cell specific. 
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17. Use according to claim 16 wherein the promoter comprises the promoter active 
region of the sequence depicted as SEQ ID No 2. 

18. Use of a polynucleotide according to any one of claims 12 to 17 in a method of 
producing plants with an increased number of stomata relative to control like plants 
wherein the said method is one according to any one of claims 1 to 9. 

19. A polynucleotide which comprises a sequence which is complementary to one which 
when incubated at a temperature of between 60 and 65°C in 0.3 strength citrate 
buffered saline containing 0. 1 % SDS followed by rinsing at the same temperature 
with 0.3 strength citrate buffered saline containing 0. 1% SDS still hybridises with the 
sequence depicted in SEQ ED No. 1, but does not so hybridise when the said 
temperature is between 65 and 70°C. 

20. A polynucleotide according to claim 19, comprising the sequence depicted in SEQ ID 
No. 2. 

21. A polynucleotide according to claim 19 or claim 20, wherein the protein encoding 
region composed by the polynucleotide is bounded by a plant operable promoter and 
terminator. 

22. A plant transformation vector comprising the polynucleotide of any one of claims 19 
to21. 

23. A plant transformation vector comprising a sequence which in the 5' to 3' direction 
comprises the complement of the polynucleotide according to any one of claims 19 to 
21. 

24. A plant transformation vector according to either of claims 22 or 23, wherein the 
protein encoding region of the polynucleotide is under expression control of a 
stomatal guard cell specific promoter. 
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5. The translattonal product encoded by the polynucleotide of any one of claims 19 to 

n 1 

6. The product according to claim 25 having the activity of a fatty acid elongase. 

7. Plant material which has been transformed with the polynucleotide according to any 
one of claims 19 to 21, the vector according to any one of claims 22 to 24, or a 
polynucleotide comprising a sequence which is complementary to one which when 
incubated at a temperature of between 60 and 65°C in 0.3 strength citrate buffered 
saline containing 0. 1% SDS followed by rinsing at the same temperature with 0.3 
strength citrate buffered saline containing 0. 1% SDS still hybridises with the 
sequence depicted in SEQ ID No. L 

8. Plant material according to claim 27 which has been further transformed with a 
polynucleotide comprising a region encoding a protein capable of providing the plant 
material with resistance or tolerance to herbicides, insects, desiccation and/or fungal, 
bacterial or viral infections. 

:9. Plant material according to claim 28, wherein the protein capable of providing for 
herbicide resistance is selected from the group consisting of glyphosate oxido- 
reductase (GOX), 5-enol-pyruvyl-3-phosphoshikimate synthetase (EPSPS), 
phosphinothncm acetyl transferase (PAT), hydroxyphenyl pyruvate dioxygenase 
( HPPD), glutathione S transferase (GST), cytochrome P450, Acetyl-COA 
carboxylase (ACCase), Acetolactate synthase (ALS), protoporphynnogen oxidase 
(PROTOX), dihydropteroate synthase, poly amine transport proteins, superoxide 
dismutase (SOD), bromoxynil nitrilase, phytoene desaturase (PDS), the product of the 
tfdA gene obtainable from Alcaligenes eutrophus, and known mutagenised or 
otherwise modified variants of the said proteins. 
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30. Plant material according to any one of claims 27 to 29, wherein the protein encoding 
sequences comprise 5' regions which encode: (i) a peptide which is capable of 
targeting the translation products of the regions to plastids such as chloroplasts. 
mitochondria, other organelles or plant cell walls; and/or (ii) non-translated 
5 translational enhancing sequences. 



31 . Plant material according to any one of claims 27 to 30, in which the polynucleotide 
used to transform the material is modified in that mRNA instability encoding motifs 
and/or fortuitous splice regions are removed, or plant preferred codons are used so 

10 that expression of the thus modified polynucleotide in a plant yields substantially 

similar protein having a substantially similar activity/function to that obtained by 
expression of the unmodified polynucleotide in the organism in which the protein 
encoding regions of the unmodified polynucleotide are endogenous, with the proviso 
that if - in respect of the herbicide resistance conferring regions - the thus modified 

15 polynucleotide comprises plant preferred codons, the degree of identity between the 

protein encoding regions within the modified polynucleotide and like protein 
encoding regions endogenously contained within the said plant and encoding 
substantially the same protein is less than about 70%. 



20 32. A morphologically normal fertile whole plant regenerated from the material of any 
one of claims 27 to 31, the progeny of such plants, the seed of such plants and 
progeny, and parts of such plants and progeny. 

33. A plant according to claim 32, selected from the group consisting of soybean, cotton. 
25 tobacco, sugarbeet, oilseed rape, canola, flax, sunflower, potato, tomato, alfalfa, lettuce, 

maize, wheat, sorghum, rye, bananas, barley, oat, turf grass, forage grass, sugar cane, 
pea, field bean, rice, pine, poplar, apple, grape, vines, cucumbers, peppers, citrus and 
nut plants. 
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34. A method of producing plants with an increased number of stomata relative to control 
plants comprising the steps of: 

( i ) inhibiting the function, or otherwise disrupting the activity, of an endogenous 

eene comprising a sequence which is complementary to one which when incubated at 

a temperature of between 60 and 65°C in 0.3 strength citrate buffered saline 

containing 0.1% SDS followed by nnsing at the same temperature with 0.3 strength 

citrate buffered saline containing 0.1% SDS still hybridises with the sequence 

depicted in SEQ ID No. 1; 

lii) selecting the thus inhibited material; 

( in ) regenerating the thus selected material into plants. 

35. A method according to claim 34, wherein the plant material is transformed with the 
polynucleotide of any one of claims 19 to 21, or the vector of any one of claims 22 to 
24. 

36. A method according to either of claims 34 or 35, wherein the plants with an increased 
number of stomata are selected on the basis of a difference between non transformed 
control plants and the thus transformed plants when both are subjected post 
germination to at least one of the following: (i) elevated carbon dioxide 
concentrations, (ii) elevated calcium; (iii) extremes of temperature or pressure; (iv) 
reduced water availability; (v) elevated environmental pollutant gases, such as ozone, 
oxides of nitrogen or sulphur, and; (vi) elevated light conditions. 

37. A method according to claim 36 wherein the said difference is selected from the 
group consisting of: (i) delayed flowering; (ii) altered growth characteristics; and (iii) 
an elevated stomata! index. 

38. A method according to any one of claims 34 to 37, comprising the further steps of 
crossing the thus selected plants, or the progeny thereof, with non transformed like 
piants. 

39. A method according to claim 38. wherein the plants eventually resulting from crosses 
are homozygous for the transgene. 
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40. Plants which result from the method of any one of claims 34 to 39, the progeny of 
such plants, the seed of such plants and progeny, and parts of such plants and 
progeny. 



41 . Parts of plants according to claim 40, selected from the group consisting of fruits, cut 
flowers and seeds. 



42. Use of the polynucleotide of any one of claims 19 to 2 1 , or the vector according to 
any one of claims 22 to 24, in method for the production of plants which have an 
increased number of stomata relative to non transformed control plants. 



43. Expression regulatory sequences compnsed by the sequence depicted in SEQ ID No 



44. An isolated polynucleotide comprising the sequence depicted as SEQ ED No 2. 

45. An isolated polynucleotide comprising the sequence depicted as SEQ ID No 8. 



46. 



Expression regulatory sequences comprised by the sequence depicted in SEQ ID No 
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FIGURE 2 
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Psti 

Probe: I. 
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FIGURE 6 




ARABIDOPSIS LEAF STOMATA SHOWN FOLLOWING 
HISTOCHEMICAL STAINING 
(Naturally blue colouration) 
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AT HIGHER MAGNIFICATION STAINING CAN CLEARLY BE 
SEEN IN THE GUARD CELLS OF THE STOMATA 
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SEQUENCE LISTING 



"HO; ZENECA LIMITED 



* i.?0> POLYNUCLEOTIDE SEQUENCES AND THEIR USE IN A METHOD OE 

PFODUCING PLANTS WITH AN INCREASED NUMBER OE STOMATA 

• 1 ;-;0. ■ PPD50334/WO 

■ 140 ■ 
•14: 

-.150 ■ 9803304 . 1 

• 1 : : \ ■ 1993-04-20 

- 1 *") j • 8 

* 1 7 0 ■ Patentln V e r . 2.0 
< 2 1 0 - 1 

<-:n ■ 1792 



_ X ^ 



DNA 



^ f 12 - Arafcidopsis thaliana 
• 30C ■ 

•:30I- ■ Cel 1 
v304/- 7 
<30c. ■ 309-319 
<?0" ■ MARCH 1995 

<4 0C* 1 

taaaacgtaa cggaccacaa aagaggatac atacaaatac atctcatagc ttcctccatt 60 
aattttccga cacaaacaga gcaatgacgt ccgttaacgt taagctcctt taccgttacg 120 
tcttaaccaa ctttttcaac ctctgtttgt tcccgttaac ggcgttcctc gccggaaaag 180 
cct::cggcr taccataaac gatctccaca acttcctttc ctatctccaa cacaacctta 24C 
taacagtaac tttactcttt gctttcactg ttttcggttt ggttctctac atcgtaaccc 300 
qacc:aatcc ggtttatctc gttgactac- cgtgttacct tccaccaccg catctcaaag 360 
tta^-gtct- taaagtcatg gatattttct accaaataag aaaagctgat acttcttcac 420 
ggaacgtggc atgtgatgat ccgtcctcgc tcgatttcct gaggaagatt caagagcgtt 480 
cagqtctagg tgatgagacg tacagtcctg agggactcat tcacgtacca ccgcggaaga 540 
cttttgcagc gtcacgtgaa gagacagaga aggttatcat cggtgcgctc gaaaatctat 600 
tcgagaacac caaagttaac cctagagaga ttggtatact tgtggtgaac tcaagcatgt 660 
ttaatccaac tccttcgcta tccgctatgg tcgttaatac tttcaagctc cgaagcaaca 720 
t:aaaagctt taatctagga ggaatgggtt gtagtgctgg tgttattgcc attgatttgg 780 



WO 99/5447 1 PCT/G B99/0 1191 





g::qcatg;: 


c a t a a a a a c a 


et tat get et 


tgtggtga g e 


actgagaaca 


84 






cat t tatqct 


g q a g a a a a t <-j 


gat e a a t q a t 


g g 1 1 a g e a a t. 


t get t gt 1 1 c 


9 0 




qtqtt ggtgg 


ggecqegat t 


1 1 q c t c t c t a 


a e a a q t e g g g 


aga eeggaga 


eggt ::aaq: 




j 


a c a a q z z a g t 


rcacacggtc 


cga a eg cat a 


ct ggagetga 


tgacaagt ct 


tt tcgatgtg 




20 


t gcaacaaga 


agacgat gag 


ageggcaaaa 


teggagtt tg 


tct gtcaaag 


ga :araacca 


-i , 


8 0 


atgr t.gcggg 


gacaaca :tt 


aegaaaaat a 


t a geaaeat t 


gggtccgttg 


atcct t cctt 


1 1 4 ■:■ 


taagegaaaa 


qtt tctttct 


t tegctacet 


t c gt cqceaa 


g aaact t eta 


aaggat aaa a 


i 


o-; 


tcaaqcdita 


etatgttccg 


qa 1 1 1 caag e 


1 1 g e t g 1 1 g a 


c ::a tt t etgt 


at teat gee g 




r. ■ ! 


gaggcagaqc 


eg t gat cgat 


ga get a gaga 


agaact. t agg 


a:tat:gc:g 


at cgat gt gg 






agg:a:c:ag 


ateaaegtta 


cat agatttg 


ggaataittc 


at ct ag et ca 


at tt ggtatg 






aattag^ata 


ca t agag gca 


a a gggaa ga a 


tqaaga a agg 


gaataaagrt 


tggeagattg 






cttcaggat c 


agggt tt aag 


t qtaatagtg 


cggtttgggt 


ggetcta cgc 


aatgt eaag g 


10 


0 0 


cat :qccaaa 


tagt cc t tgg 


caa:at:gca 


t -gat a gat a 


t ecggt t aaa 


at t gatt ct g 




0 ■- 


att:q::aaa 


gtcaaagact 


eat gtccaaa 


a z ggt eggt c 


etaatt tgat 


gta t ctgagt 


I 6 




gecaacgctt 


actttgtctt 


teettt -ttt 


t a tt ggt t at 


gaat tagat g 


tt tactaat g 


16 




ttcctrtctt 


ttt cgttata 


aat aaagaag 


t t caat tc t t 


eetatagttt 


caa aegegat 




1 ' 


tttaaecgtt 


t ctatttagg 


ttt acatgaa 


tttcttttac 


aaaccat et t 


tt 


1 





<:210> 2 

*. 1 1 . • 1584 

<:212/' DNA 

<213:- Arabidopsis thaliana 



<AQ0 > 2 






cagat et cga 


gatatccatc 


ttcttctatg 


ttacctagt g 


gat ttct cat 


gt caccaacc 


gt tcttcaac 


atggccaaag 


geget caact 


gaggataet a 


aaceggt ccg 


gtttaggaga 


ct ct ::a:ca 


aetccat caa 


tgtacgaggc 


agtt ettaae 


tcactattta 


agaaaacegg 


cgtaaaet gc 


agcttgttt a 


accctaaccc 


caagc 1 1 aaa 


a :cgacgtca 


aaactt acaa 


t tgacgaggc 


cgataaatt t 


atattacgea 


tcccagt tt c 


tatctttcct 


tttagagtt t 


taggaat et c 


cgtggacct c 


gecacaaat c 


ttattgttag 


t aeggagaac 


atgact ctaa 


tagtcectaa 


ctgtctattc 


cgagt aggt g 


aagccegagt 


ccggtctaag 


tacgaatt ga 


gcgataaaca 


ctacacttgt 


gctgaacaaa 


cactct ctaa 


agaactaacg 


gttgttgctg 


tggt ccgett 


gt tttgect t 


tat ctgaaaa 


taaget tt t c 


eggttaaagg 


ttagtccata 


tttctgtatt 


cacgctggt g 


gt agagegt t 


tagtgagttt 


gat cttgagc 


cgtctcgga t 



cctactcaac cacccggtct aaaccgcggt 6 \- 
caeggatte t tgeaaaatet catccgaaac 120 
ctacaecgaa gaaacaatcc aattcatgac It D 
cgataegtac tccccacgtt gcatgttaac 2 4. 
gagacatgaa tecgaattag teatcttegg 3 CO 
aatcgaaccg agagaagtcg gaatcttcat 360 
atetctctcg tecatgatcg taaaccggta 4T0 
tctctccggt atgggatgca gcgccggggc 460 
atcgttactg tccatcttta tcagccaact 540 
accactcttc atagcttctt gaactttctt 600 
tactaaaggc aaaccctaat acctacgcag 660 
gcatatatcg aggcaacgac eggtcaatgt 720 
gcgctgcggt tatgetctea aaceggagtc 7E0 
ctcatattgt aaggactcac aaaggctcta 640 
aagaagatag taaaggtatc gttggagtcg 900 
tgacacgtta aagacgaatc taacagcact 960 
actccggttt atcetctttt tggtaaagag 102C 
tgttecggat tttaaactat gtttcaagca 1080 
acttqacgeq gttgaaaaag gtcttggact 1140 
gaettta eac cgctttggaa acacttcaag 1200 
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ctcgtcgctg tggtacgacc tgc:ttac:: qgagqctaaa tgtcggatca aacgaggaqa 126: 

tagggtttga cag:igcccr ttggctcgge ttttaaatg: aataqtattg tgtggagagc 1320 

attgagaacg atrccggcia acgaatcag: ggtgggtaac ccgtggggtg acrcggttca 13SC 

:aagra:cca gttcacgtga cccaagtttt aagtaata:: a:iacacgtg igaagtcacg 1440 

ttacaaa::a icaiaagica acaatatgtt a:tagcti:c tattaaagrg tagctrttt: 15CC 

rttitat::: :c::::caca aatatgtati atttgcttgt ttttgccaac aatttggrat 156C- 
ctattt:::: ccaia:a:tg tgg: ^ 56 h 

•■'210-- 3 

-212. DNA 

•.;213 ■ Artificii- Sequence 
•:220 

•;2Z ? leszrip:;::. :: Artificial Sequence:? 1 "?. PRIME?. 



catc:::::: ta:g:c:a:t c 

<210> 4 
<21 1 > 22 
<212;> DNA 

< 2 1 3 > Arti f icia 1 Sequence 
<220- 

<223 ■ Descripticr. cf Artificial Sequence : PC?- PRIMER 
<40C > 4 

gaaacagata ccaaattg:: gc 

<210 5 
<211> 21 
<212 ■ DNA 

<212' Artificial Sequence 
<220-- 

<22 3 DescriDt:::. cf Artificial Sequence : PC?. Primer 
<40O I 

at aat act ct acaccacgcc c 

<21C> i 



212> DNA 
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<:212 • Artificial Sequence 



<220> 



:'5s:r:p:icr. 



Ar:.:::ic.: Seauer.ce : PC? Primer 



<400> t 

ctti:c:a:: aacgcigatc 

<210> " 
<211.- 21 
<212 DNA 

*:212 - Artificial Sequence 
<220 ■ 

<222 Descr icticr. cf Artificial Sequence:?"?. Primer 
<400 • " 

cagaaactr.a cgtacacttt t 

<210> 6 
<211^ 2073 
<212> DNA 

<213^ Arabidopsis thaliana 



<400> e 














ctagtcactt 


ggcataagca 


aaccaagct a 


tccagccaaa 


taattagtgt 


tgggctagtg 


60 


gtgaacgtca 


tgcgaatagt 


ctggataccc 


tagtttgagt 


ttaagttgag 


agggtttcta 


12 0 


aacgatttt t 


ggaaatacat 


taactttggt 


tcagacttt c 


tcgattaatt 


accattaaaa 


180 


atcaaaaggt 


caatgttgt c 


gaaaatgtaa 


aagtataggc 


ttcaaatagt 


acaatggtac 


240 


aatcaatgcc 


caacgaaacg 


aacgaagcat 


atgaaacaaa 


tatagtggta 


gatacatgtg 


300 


atcgtgtatg 


att agaatt t 


gctact ct eg 


aatratttct 


gttragtttc 


tagagagttt 


360 


ggttggttta 


ctatttgcag 


atagatcatg 


gagaatgeta 


cttcgacctc 


aatctctggg 


420 


aaccarata: 


tcactaatca 


t cttcaaacg 


gatttgtccc 


aaaacaacgt 


atat t act aa 


480 


ctgcgtttga 


tgttttgaat 


atgtatgata 


aggttaaaca 


tatagagegt 


atagattttc 


540 


aaaagcatgg 


tagctcttgg 


tgaaaatgea 


tggcttatta 


gtgtttcttt 


tagagaagct 


60C 


aacgttgtat 


atagcattaa 


tttacatat c 


taattttgt c 


aattgtaatg 


agactttgga 


660 


tacaacaaca 


t ccggctgcg 


aaataattgt 


gactttatat 


gtatttttaa 


taaattaaat 


72C 


ggtccaacta 


acacagaaaa 


cgtacgagta 


cactgtctca 


atatttgttt 


ctcattggtc 


780 


cacgtccaac 


ttgggccagc 


cactgaccac 


ttcaactaca 


atttaaaaat 


gaactggaca 


84 C 


aat ctcccaa 


cccaaacact 


gaecegtaat 


aaattctat c 


tat ctttaga 


gactt cgagt 


90C 




ttctarttt c 


ctctttagga 


ttcattaatt 


aactacacaa 


atcaatttga 


961 


ggaaaatcac 


atgattctaa 




tcagctaaac 


tgt caaaagt 


ttcacagacc 


102: 


atatcaatt e 


aaatact tea 


tgeaaaatta 


atttattaat 


gctatgaaag 


t gtgcaaccg 


loe: 


gtgcacccat 


gggaaacaat 


cataacacaa 


ataatt ggt a 


tacatatttt 


gtaataaaea 


114: 
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tqgtaacaa; iaaaatg"t: aaaatgtrta aacagrgaa: rgagataagt tttaactcg: 1201 

qa:cagaa:: at:tt:aig: rcrttggttt aaaatggtcg tattcatgtg tcctratacg 126; 

tataaag;:c caaaaagacg accattttt: aaaagrgcgr. tcacctatt: gtacaactrc 132 0 

cggcaacga- tttgrgttt: aaiaaacgc: aac::taaaa cgcagaccac atrttccgcg 1380 

ggcacaaacg cg:::aacgc ca:ctciata aattaaaac: cacccaatgc ccaatatt:: 1 4 4 C 

ctcara—t" catigcaatg gcagattrca aaattctttt gcttatactc arccttata: 1500 

ctcr:t:-ga acttgatcra cttcattttc accatgact: cttctctcct tatccggtca 1560 

aga:cgc::; ac:ccrgata rccatctrc: tctatgccta cz caaccac: cggrcraaac 1620 

cggtrrac-- agtggatttr tcatgtcacc aacccacgga trcttgcaaa atctcatccg 168j 

aaacgt:::: caacatggcc aaaggcgcrc aactctacac cgatgaaaca arccaattca 1740 

tgacgagga. attaaa:cgg tccggtttag gagacgatac gracrcccca cgtitgcatgt 180." 

taac:::::: accaa:::ca tcaetgtaca aggcgagaca rgaatccgaa ttagtiatc: 166~ 

tcggagc"- :aa:rca:ia trcaagaaaa ccggaarcga accgagagaa citcggaatc: 192; 

ica::g:aaa ctgcagcttg ttiaacccta acccatctc: crcgtccarg atcgtaaac: 198, 

ggtacaag — :aaaa::aac aicaaaac:: acaarcr::: cggtatggga tgcagcgccg 204C 

gcgcaa:::: cg:caa:::: :ccacaaa:: ta: 2C7 2 
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